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Physics 30 Stations Lab: Magnetic Fields and Forces
Considerations for the safety of you and the equipment: 

· Don’t abuse magnets

· Don’t adjust controls on power supplies unless instructed

· Don’t leave the power supplies on for more than several seconds

· The north pole of each bar magnet is painted red, while the south pole is painted blue

BACKGROUND:

· THE DIRECTION OF THE MAGNETIC FIELD IS DETERMINED BY WHICH WAY THE NORTH POLE OF A TEST MAGNET POINTS (i.e. THE DIRECTION A COMPASS NEEDLE POINTS).

· MAGNETIC FIELD LINES LEAVE NORTH POLES AND ENTER SOUTH POLES.

Station 1: One Bar Magnet

Rest a piece of white paper on top of a bar magnet. Sprinkle iron fillings on the overhead until a pattern of field lines emerges.
1) Draw the magnetic field lines in the area surrounding the bar magnet. 
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Use a compass to determine the direction of the field lines. The magnetic field direction is defined as the direction that the North Pole of a compass points.
Carefully return the iron fillings to their container and remove the paper.
2) Fill in the blanks: All magnetic field lines leave the magnet at the _______ pole and enter at the _________ pole
Station 2: Earth’s Magnetic Field

Observe the bar magnet hanging from the laboratory stand. It is acting as a compass that is measuring the direction of Earth’s magnetic field. A compass needle is just a bar magnet that is free to rotate.

1) On the picture of the earth below draw the magnetic field lines and label the approximate locations of the magnetic north and south poles.
(Hint: the Earth’s magnetic field is very similar to a bar magnet and penguins live near the real magnetic North Pole.)
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Station 3: Attraction and Repulsion
Rest an overhead transparency on top of a bar magnet. Sprinkle iron fillings on the overhead until a pattern of field lines emerges.
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[image: image5.emf]1) Draw the magnetic field lines with arrows indicating direction.
2) The drawing above shows that like poles attract/repel (circle one).

Carefully return the iron fillings to their container and remove the overhead transparency.

Use a compass to determine the direction of the field lines. The magnetic field direction is defined as the direction that the North Pole of a compass points.
Repeat the above procedure for two opposite poles.

[image: image6.emf][image: image7.emf]3) Draw the magnetic field lines with arrows indicating direction.

4) The drawing above shows that opposite poles attract/repel (circle one).
Station 4: Magnetic Fields near Electrical Currents
DO NOT ADJUST THE POWER SUPPLY…. YOU WILL SIMPLY BE TURNING IT OFF AND ON! DO NOT LEAVE THE POWER SUPPLY ON FOR MORE THAN 5 SECONDS!
This station is designed to investigate the shape and direction of a magnetic field in the region surrounding a single current-carrying wire.
1) By observing the connections to the power supply, determine the direction of the current in the wire indicate the direction on the diagram below. (The symbol for current in physics is I)
Place the small compass in one of the positions drawn on the cardboard. Turn on the current for no more than 5 seconds. Observe the direction the compass needle points. Repeat this procedure for each compass position indicated on the cardboard.

2) Draw a magnetic field line on the diagram below. 

Station 5: Magnetic Fields Near Coils
DO NOT ADJUST THE POWER SUPPLY…. YOU WILL SIMPLY BE TURNING IT OFF AND ON! DO NOT LEAVE THE POWER SUPPLY ON FOR MORE THAN 5 SECONDS!

1) By examining the connections to the power supply, determine the direction of the current through the coil. Indicate the current direction on the diagram below. In physics, the symbol for current is I.

Place the cardboard box lid over the coil of wire. Turn on the power supply. Sprinkle iron fillings on the box lid until a definite pattern forms. Use a compass to determine the direction of the field.

3) Compare the shape of the magnetic field of the coil to that of a bar magnet.

4) Which region(s) of the magnetic field may be considered to be the strongest?

Station 6: The Force Acting on a Current Carrying Wire Placed in an External Magnetic Field
DO NOT ADJUST THE POWER SUPPLY PAST THE “5” STETTING! ONLY KEEP THE POWER SUPPLY ON FOR AS LONG AS IS NECESSARY TO COLLECT YOUR DATA.

Background:

When a current carrying wire is placed in an external magnetic field, it experiences a force. This is called THE MOTOR EFFECT. In this station, notice that a wire connected to a power supply is placed in the magnetic field between two permanent magnets. When a current is made to flow through the wire, an upward force is applied by the permanent magnets on the wire. As described by Newton’s Second Law, a force of equal magnitude, and opposite in direction acts on the magnets and causes a mass reading on the electronic balance.







The force acting on the wire depends on the amount of current in the wire, the length of the wire in the external magnetic field, and the strength of the external magnetic field:
Fm = IlB

Fm 
= magnetic force acting on the wire (Newtons, N)

I
= current in the wire (Amperes, A)

l
= length of wire in the magnetic field (Meters, m)

B
= strength of the external magnetic field (Tesla, T)

Using a ruler, measure the length of the wire in the magnetic field (Hint: this is equal to the diameter of the magnets). Record the value: Length of wire in the field _________________m

Ensure that the power supply is set to “0”.
Turn on the power supply.

Increase the power setting until the current reaches 0.5 A. Record the mass reading on the electronic balance in the table below.

Continue this procedure to complete the table below.

	Current (A)
	Mass Reading (g)
	Magnetic Force Acting on the Wire (N)

Multiply the mass reading by 9.81 m/s2

	0.5
	
	

	1.0
	
	

	1.5
	
	

	2.0
	
	

	2.5
	
	

	3.0
	
	


1) Plot a graph of the responding variable as a function of the manipulated variable.

2) Determine the slope of the line of best fit for the graph on the previous page.

3) Relate the slope to the physics equation on the previous page in order to determine the strength of the external magnetic field in Tesla.

Station 7: Electric Motor
Turn on the power supply. Using a pencil give the motor a little push.

1) Using the diagram below, explain how the current-carrying coils, the magnets and the commentator work together to make the motor spin.

STATION 8: MAGNET AND COIL

Ensure that the coil and magnet are oriented in a manner identical to the diagrams below. Beginning with the North Pole of the bar magnet approximately 15 cm away from the opening of the coil, move the north pole of the magnet at a moderate speed toward the coil. Observe the direction of the current through ammeter. (The direction that the needle is deflected indicates the direction of the electron current through the ammeter.)
1) The current in the coil caused by the moving magnet is called the INDUCED CURRENT. Indicate the direction of the induced current by drawing an arrow below the ammeter on the diagram.

2) Use the left hand rule to determine the north and south poles of the magnetic field caused by the induced current. Label the N and S-poles on the diagram to the right.

· Beginning with the north pole of the bar magnet slightly inside the coil, move the north pole of the magnet away from the coil at a moderate speed.

3) Indicate the direction of the observed current by drawing an arrow below the ammeter in the diagram to the right.

4) Use the left hand rule to determine the north and south poles of the magnetic field caused by the induced current. Label the N and S-poles on the diagram.


5) On both diagrams, draw the magnetic field lines of both the bar magnet and the coil.

6) In both parts of experiment the magnetic flux through the coil was changing as you moved the magnet toward and away from the coil. This changing magnetic flux caused the induced current. From these observations the following generalization can be made about the direction of the induced current(fill in the blank):

The current is induced in a direction that causes a magnetic field that ______________ the original change in magnetic flux through the coil.

This statement is called LENZ’S LAW

STATION 9: MAGNET DROP

· Using the spherical magnet, determine if the copper tube is ferromagnetic.

1) Is the copper tube ferromagnetic?

· Carefully drop the magnet into each tube. Use the stopwatch to measure how long it takes the magnet to drop. Ensure that one of your group members is ready to catch the magnet before you release it.
2) Measure and record the time it takes the magnet to fall through the copper tube. Use the average of 5 trials.

3) Use Lenz’s (Station 1) to explain the difference in falling times between the plastic and copper tubes. To aid your explanation draw the direction of the induced current in the region below and above the magnet as it falls through the copper tube. 



4) Measure the length of the copper tube:  
_________ m

5) Measure the mass of the magnet: 

_________ g

6) Using your measurements, calculate the average magnetic force apposing gravity as the magnet falls.

7) Calculate the amount of electrical energy produced in the copper tube.

8) Calculate the average electrical power of the tube as the magnet falls through it.

STATION 10: GENERATOR/MOTOR
Be careful not to crank the hand generators too hard. THEY WILL BREAK!!!!
· Carefully crank the generator with the leads not connected to anything. Note how hard it is to crank.
· Connect the leads to a light bulb. Crank the generator. Note how hard it is to crank the hand generator while it is connected to the light bulb.
1) Record your observations in the table below. For the explanations use the law of conservation of energy and/or Lenz’s Law (Station 1).
	Situation
	Observation

(How hard is it to crank?)
	Explanation

	Generator not connected to anything
	
	

	Generator connected to light bulb
	
	


· Connect one of the hand generators to a 6 V battery.

2) What do you observe? Is the generator effect or the motor effect? Explain.

· Now, connect two hand generators together. Place one of the generators on the table. Gently crank the other generator.

3) What do you observe? Explain your observations in terms of energy forms, the generator effect and the motor effect.

Name:____________________________


Date:______________
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